Three groups of Ss performed a visual vigilance task with either one (standard vigilance procedure), two (binary procedure), or four (rating procedure) keys available as response indicators. Data analyzed within the framework of the theory of signal detection revealed that the criterion, (3, increased for all groups but was considerably lower for the rating method group. The sensitivity parameter, d', remained constant over time and was also found to be independent of the response requirement. Results were discussed in terms of the relationship between psychophysical procedures and vigilance tasks.
Many recent studies in vigilance have analyzed their data within the framework of the signal detection theory (SOT) (e.g., Loeb & Binford, 1968) . In doing so, according to the theory, one is able to obtain independent estimates of the S's willingness to report a signal or his criterion ((3) and his sensory acuity or sensitivity ( d') (Green & Swets, 1966) . SOT further suggests that the d' performance measure should be independent of the psychophysical procedure employed. Psychophysical studies comparing the binary procedure (S reports only "yes," he sees a signal, or· "no," no signal present, on each trial) with the rating procedure (S is provided with a number of response alternatives and is asked to report his confidence as to the existence of a signal on each trial) have tested this latter assumption, with generally favorable results. For auditory tasks, Egan , Schulman & Greenberg (1 959), Markowitz & Swets ( 1967) , and Emmerich ( 1968) found excellent agreement between the two procedures, whereas Watson , Rilling, & Bourbon ( 1964) found d' values to be slightly higher for the binary procedure. For visual detection tasks, the original Swets, Tanner, & Birdsall (1961) studies produced equivocal results; however, Nachmias ( 1968) did find sensitivity to be independent of the number of response alternatives employed (two·vs four).
Although a number of vigilance studies carried out within the SOT framework have utilized the rating and binary methods (or variations of these procedures), an adequate assessment of the relationship between these procedures and vigilance performance is not available. The standard vigilance task generally provides S with a single response button and instruc tion to respond only on those trials when he believes he detects a signal. Comparisons between this one button case and the *Financial support from the Co llege of Arts and Sciences, The American University, to the senior autho r is gra tefully acknowledged.
Psychon. Sci., 1970, Vol. 20 (4) rating procedure by Loeb & Binford ( 1964) indicated that these methods may not be equivalent. They found that the rating method yielded a much larger proportion of false alarms than the simple detection procedure, with no differences with respect to correct detections. A further study (Binford & Loeb, 1966) did not support this result and firm conclusions relating SOT indices to response requirements were not achieved in either study.
The purpose of the present experiment was to determine the relationship between response factors and performance in a visual vigilance task. One group of Ss was provided with a single button as in the standard vigilance task, a second group was provided with two buttons, one labeled "yes" and the other " no," and required to respond on every trial (binary procedure), and a third group was given four buttons and required to respond on every trial (rating procedure). Both conventional and SOT measures were used to compare these procedures. SUBJECTS Thirty-six students, obtained from the introductory psychology subject pool at The American University served as Ss. Ss were divided equally among the three experimental groups on a random basis. APPARATUS The visual display consisted of an internally illuminated Model 200 Simpson microamp meter with the scale markings removed. The S, seated approximately 4 ft from the display in a dimly illuminated subject room , received both instructions and white noise (approximately 75 dB provided by a Grason-Stadler Model 901B white-noise ge nerator) through a Koss (Model SP-3XC) headset. When a stimulus event occurred, the pointer of the meter was deflected briefly from its null position. If this event was a nonsignal or " noise" trial , the pointer would deflect to a marked center position . For a signal trial, the pointer would deflect to a position approximately 1 mm beyond this center point. The right arm of the subject chair held the response buttons. (The left hand was used for recording the GSR and heart rate. Respiration rate was also obtained by means of a chest bellows. However, these data are not reported here.) All events were a u tom a tic ally controlled by the appropriate electromechanical programming and recording appar?tus located in an adjacent room . PROCEDURE The task for each S was to detect any pointer deflection that went beyond the marked middle position of the meter. All Ss received the same training. Taped instructions , corre lated with the programming apparatus, explained the nature of the task to Ss and presented 15 signal and noise trials. Ss were informed as to whether the next event was a signal or noise before each trial at this stage. Finally, 15 trials without feedback, five of which were signals (randomly interspersed), were presented . If the S reached a criterion of four correct detections with no more than one false alarm, he participated in the main portion of the task that immediately followed. (Almost all Ss reached criterion immediately here since the signal was readily detectable for an alert individual.) At this point, Ss were cautioned that signals would occur much less frequently and that feedback would not be provided.
The Ss in the one-button group (I) merely had to detect the presence of a signal and were to respond only on those trials. Group 2 was required to respond on each trial by depressing either the button marked "yes" or the one marked "no" to indicate the presence or absence of a signal (binary procedure). Group 3, as in the binary procedure, had two main category headings labeled "yes" and "no" and were required to respond after each trial. However, there were four buttons, two corresponding to the responses "Sure yes" and "Unsure yes" and the remaining two corresponding to the responses "Sure no" and "Unsure no" (rating procedure).
The main vigilance task lasted 80 min and was divided into four 20-min segments for programming and analysis purposes.
Events were presented at a rate of one every 6 sec. Ten of the total 200 events per 20-min time block were signals, yielding a mean intersignal interval of 2 min. The signal schedule was obtained by randomly selecting from a rectangular distribution of intersignal intervals, with the restriction that no intersignal interval be more than 240 sec (twice the average interval) or less than 20 sec. This schedule was repeated four times throughout the task. RESULTS An analysis of variance carried out on the false alarm data obtained from each S (see Fig. 1 ) yielded a significant decrease in false alarms across the four time blocks (F = 4.09, df= 3/99, p < .02S) and a significant difference for the three experimental groups (F = 4 .49, df= 2/33, p < .02S), with no interaction between these two variables (F = .70, df= 6/99). Individual comparisons of means, determined by the Newman-Keuls test (Weiner, 1962) , revealed that Groups I and 2 were both different from Group 3 but not from each other.
Hit data were analyzed using nonparametric tests (Siegal, l 9S6) since Group 3 data were negatively skewed, presumably due to the low criterion adopted by these Ss (see below). A Friedman two-way analysis of variance was carried out separately for each experimental group to determine the effects of time on the number of hits (vigilance decrement). All groups showed a decline in hits as a function of time on tasks (see Fig. 2 ). However, the effect was significant only for Group I (Xi = 8.93, df= 3, p < .OS), with Group 2 approaching significance (Xi= 7.67, df= 3, p > .OS). A Kruskal-Wallis analysis of variance by ranks demonstrated that the experimental groups differed significantly as a function of response requirement (H = 6.36, df= 2, 216 p < .OS). Individual comparisons, however, revealed that the only significant difference was between Groups I and 3 (Mann-Whitney U=31, p < .02, two-tailed).
The SDT measures, d' and (j, were derived from the hit and false alarm data for each S for each of the four time blocks (see Table 1 ). An interpolation procedure (to the next possible measurable value) was employed to obtain these measures whenever the percentage of hits or false alarms was 0 or 100 (see Loeb & Binford, 1968 ). An analysis of variance revealed that d' remained constant over time (F = 2.2S, df = 2/33). Also, the interaction mean square and the main effect for the experimental groups did not differ significantly from chance (F = l.S2, df = 6/99, and F = l.S7, df= 3/99, respectively).
The Kruskal-Wallis test indicated that (j varied as a function of response requirement (H = 10.lS, df= 2, p< .OJ).
Two-tailed Mann-Whitney U tests showed that Groups l and 2 both differed from Group 3 at the .01 level but not from each other at the .OS level. (j increased significantly as a function of time on task for all experimental conditions, as revealed by separate Friedman tests (Group I, Xt = I l.7S, p < .01 ; Group 2, Xt = 8.93, p <.OS ; Group 3 , Xi= 9.08, p <.OS ; df = 3 for each test). DISCUSSION The Ss who performed the task using the rating procedure (3) produced a considerably larger number of false alarms than either of the other groups. A similar result was obtained by Loeb & Binford (1964) . The high rate of false alarms obtained here was probably due to the difficulty of the signal and the unusually low criterion adopted by Group 3 Ss. An analysis utilizing SDT indices suggested that Group 3 Ss did not differ in sensitivity (d') but, rather, maintained a much lower criterion, (j , than the other two groups.
The performance of the binary procedure group (2) and the standard vigilance group (I) was generally very similar, although only Group l had a significantly lower hit rate than Group 3. This latter finding can be understood by noting that the (j value for Group I increased markedly from Block I to Block 2 (and stayed at that level for the remainder of the task), whereas Group 2 did not reach their high and stable level until Block 3.
The fact that manipulating the response requirement produced changes in Ss' willingness to report a signal, but did not affect the sensitivity parameter, d', ·is consistent w i th a number of psychophysical studies reviewed above. It is important to note, however, that the event rate of one every 6 sec used here does not produce a very substantial demand on observing pehavior, with the consequence that Ss are able to thoroughly attend to each stimulus event (Jerison, 1967) . Since this condition approximated a psychophysical procedure, it is not surprising that similar results were obtained. It is quite possible that experiments employing faster event rates will alter the reiationship between response requirements and vigilance performance obtained in this study.
